Abstract-The aim of this paper is to investigate the damage detection based on the propagation of the guided wave in the bimetal composite pipes, which can identify damage locations in both axis-direction and circumference-direction. The feasibility of the method is showed by numerical illustration using FEM code ANSYS. Firstly, mode analysis is used to evaluate the guided wave mode and its structure, which can provide the basis of the mode selection in measurements scheme. And then, the guided wave propagation in a damaged pipe is computed by transient analysis. Sixteen nodes around the pipe wall, as probes, are used to record the guided wave signal. When Pseudo Margenau-Hill distribution (PMHD) for each signal is carried out, three types of modes could be found, which are lead mode, excited mode and lag mode in sequences. Based on the results, the arrived time of the exited mode could be used to locate damage in axis-direction, and the energy distribution around the pipe of lag mode is consistent with the damage in circumference-direction. The simulation illustrated the possibility of detecting damage location in both axis-direction and circumference-direction only depending on longitudinal ultrasonic guided waves.
INTRODUCTION
With the extensive application of the pipeline in modern industry, a common requirement of these products is that they must be safely operated. Early damage detection provides a possibility of finding and repairing the defects in time. This is a way to protect the safety of the performance for pipeline. In past, many researchers pay their attention into the development of NDT technique, such as Ultrasonic Testing (UT), Radiographic Testing (RT), Eddy current Testing (ET), Acoustic Emission (AE), etc. Most of these techniques scan the structures in point-by-point. And the structures had to be scanned with the conditions of removing the coating and production down time. It becomes very expensive and Timeconsuming when full inspection coverage is needed.
Recently, the ultrasonic guided waves techniques received many interesting by researchers and engineers. Using it, whole pipe wall could be fast scanned when guided wave propagates along the pipeline [1] . The theoretic background is that the guided wave can be partially reflected when they encounter features (such as welds, branches, drains, corrosion patches, etc.) that locally change the geometry of the pipe. The key of the succession of this technology lies in the development of the stress wave theory. Early, Meitzler (1961), Zemanek(1972) and Bainton (1979) , reported by Rose [2] , classed the guided wave in pipe-like structure into two types: circumferential guided wave which propagation in axisymmetric T(0,m) and longitudinal ones, which include axisymmetric L(0,m) and nonaxisymmetrical F(n,m). To simplify the signal analysis, a countless number of guided wave modes at particular frequencies should be selected for a particular NDE problem. The mode and frequency choice has a strong influence on NDE and damage detection. To excite the special guided wave modes, Rose [3] et.al proposed comb transducers technique, using which the guided wave of the symmetry mode (S0, S1, S2) and antisymmetry mode (A0) are exited. In pipe-like structures, L(0,2) with the low frequency ranging from 25 kHz to 100 kHz is a good candidate for damage detection from the view of the propagation speed, dispersion, mode conversion and wave energy, etc. For example, Liu [4] et al. studied propagation characters of the ultrasonic guided wave in the pipe filled with water by numerical and experiment. They found L(0,2) can propagate long distance along the pipe wall with little influence by the water than the other mode.
In oil and gas production, a lots of sulfur-compounds (hepatic gas, sulfur dioxide and sulfur trioxide, etc.) present a serious threatens for the safe of the transfer pipeline. To prolong the life and protect operation safety of the pipe, the bimetal pipe with one resistant layer is widely applied to transfer the oil and the other chemical products. So the propagation characters of the wave in the composite pipe and a suitable damage technique need to be studied and developed. For example, Liu [4] studied propagation characters of the ultrasonic guided wave in the pipe filled with water by numerical and experiment. And Zhou [5] et.al presented a numerical approach to study the guided elastic wave propagation in cylindrical pipes with local in homogeneities, etc. a) Correspondingauthor.E-mail:yhx5324@126.com
II. ANALYSIS OF THE MODEL
In this paper, a bimetal pipe, which have inner layer made by alloy Incolog825 and outer layer made by steel NT80ss, will be studied. The longitudinal guided wave mode in the bimetal pipe will be evaluated by mode analysis. Based on this, the longitudinal mode guided wave is selected to inspect the damage in the pipe. Both the location in axis and circumferential direction are identified. Finally, a simulation will be used to verify the valid of the presented method.
Figure 1. Model of the bimetal composite pipe
For the bimetal pipe as shown in figure 1 , the displacement field for each layer satisfies Navier displacement motion equation. Without considering the body force, the control equation is written [2] : (1) in which, the subscript i is the number of the layer. in which, r 1 is the inner radius of the resistant layer; r 2 is the outer radius of the resistant layer, or the inner radius of the steel layer; r 3 is the outer radius of the steel layer. Using Hooke's law, the stress can be represented by the displacement components. As results, the solution of the Navier equation (1) is a unique one under the boundary conditions (3)- (5).
When wave propagates in a bounded structure, the problem can be solved in both wave solution and vibration solution. The same essence of wave solution and vibration solution was illustrated in the document [6] . Therefore, to study the mode of the pipe can help us predict rough the form of the wave propagation. Cheng [7] evaluate the wave propagation mode using mode analysis in ANSYS . In this section, mode analysis of the free pipe will be operated, based on which the wave structure will be also discussed. The FE mode of the 0.4m-inlength pipe is created in ANSYS, which have 7 elements in rdirection, 20 elements in 1/4 circle and the element length in zdirection is 4 mm. For simplify, only longitudinal wave, i.e. L(0,m) and F(n,m) wave will be discussed in this paper. The other pipe's geometric and material parameters are listed in Table. 1. Using element solid45, the first 80 modes are calculated. For higher speed and little dispersion, L(0,2) is frequently used in damage detection by the guided wave techniques [4] [5] 7] . Figures could be operated only on the outer wall. In spite of this, it is considered that L(0,2) could be measured by u z of the point on the outer wall, which can reject the flexure mode as soon as possible. In this section, the longitudinal guided wave of L(0,m) will be excited in a 0.8m-in-length bimetal composite pipe. And the other parameters of the pipe could be found in Tab.1. The actuating signal is consist of 10-cycle sine waves at 100 kHz modulated by a hanning window. The symmetrical loading was acted on all nodes at the pipe end to generate the longitudinal guided wave. P1, P2 ~ P16 in Fig.3 are the circumferential positions of the probes which are adequate distributed around the cross-section and at 80mm from the excited end. The damage is simulated by reducing the 
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Pipe wall decrease Damage elements at the inner wall of the pipe. Here, a 1/4 circledamage at 0.4m whose thickness decrease 1mm and width is 4mm is used. The circumferential position of the damage lies in the domain between P1 and P5 as shown in Fig.3 . Considering the average speed of the guided wave, the total time for calculation is 0.4ms and the time step is 1.2us, i,e, the sampling period is 1.2us in this inspection. So, the total of the sample points are 459.
It is interesting to discuss the frequency components of the signal with the variation of the time t. This is called timefrequency analysis, which is usually presented by the timefrequency distributions (TFD). Early stage, a simple and intuitive solution for time-frequency analysis consists in prewindowing the signal around a particular time t, calculating its Fourier Transform, and repeating that for each time interval. it is called the short-time Fourier transform (STFT). But STFT presents two main drawbacks: one is derives from the Heisenberg uncertainty principle, which states the impossibility of simultaneously having perfect resolution in both time and frequency. The other one is that is a heavy influence of the intersected item when multi-component signals are analyzed. To solve this problem, the different TFD have been prompted. One of these is Margenau-Hill distribution which belongs to the Cohen TFD, and defines as [8] ( )
where
denotes the real part calculation. However, the Margenau-Hill interference terms also never be close to zero. For many applications, the Margenau-Hill distribution is used because of its reduced computational complexity. Good crossterm rejection characteristics can also be obtained using the pseudo Margenau-Hill distribution (PMHD), which is depending on a smooth window. In this paper, the PMHD is used to analysis the ultrasonic guided wave signal. The damage in the pipe could induce to the asymmetric crosssection. Therefore, the guided waves have been mode conversion and form lead mode and lag mode besides itself when they encounter the damage-section. This property is very clear in the view of PMHD. Now, we focus on the echo by the damage, which is the intercepted signal from the time history of the nodes as the probes. And the intercepted length is from 121to 249 in sample points. Fig.4 . shows the PMHD of the 8-echo-signal from the damage depending on the odd probes. It is attraction that there are the same and different properties in PMHD for each signal. For example, there have high energy between sampling points 187 to 214 for every signal. That is to say the excitation mode guided wave mainly focuses on the time-interval. The location of the damage could be evaluated by the arrive time of the guided wave. On the other hand, the conversion mode, lead mode and lag mode, are different among the signals. For lag mode, the high energy occurs only on p1, p3, p5 and p15. They are same in the circumferential position with the damage. For lead mode, the high energy occurs alternatively on each signal. Depending on this result, the distribution of the lag mode could be used to locate the circumferential location of the damage. For this purpose, we firstly define the intensity of the signal by:
Using Eq. (7), the normalized energy of the lag mode for each signal could be calculated, and its results is plotted in Fig.5 . Obviously, the curve is a symmetric figure whose symmetric axis is the line connecting damage center and the section center. The energy distribution of the lag mode has good agreement with the damage. As results, the circumferential position of the damage could be identified depending on the lag mode guided wave.
Ultrasonic guided wave technique is an advanced method, which can scan the whole structure than scan point by point using the traditional NDT techniques. In this paper, the method of damage detection is developed for bimetal composite pipe. III. CONCLUSION Mode analysis of the pipe is used to predict rough the form of the wave propagation. And then, an example how to identify 1/4-circle damage with 4mm-width and 1mm-depth illustrate the valid of the method. The Pseudo Margenau-Hill Distribution (PMHD) is applied to analyze the echo signal. The mode conversion, which induces to lead mode and lag mode by the damage, is clear seen from the PMHD. Thus, the longitudinal location of the damage could be identified depending on the excited mode of the guided wave, while the circumference location could be found depending on the wave propagation in lag mode. The simulation shows a good performance.
